ABSTRACT. Ganophyllite has been shown to have alkali cation exchange capability. Partial cesium exchange for K + N a in large (> 0"3 ram) grains shows that the exchangeable cations migrate parallel to X, the crystallographic direction for the "interlayer' tunnels. Such exchange capabifity supports the suggestion that the alkali elements are located in zeolite-like sites attached to the sides of the tunnels. Exchange experiments show that complete sodium substitution for potassium is possible also. Eggletonite, the Na analogue of ganophyllite, is shown to have an identical superlattice to ganophyllite, indicating that eggletonite differs from ganophyllite only by the exchangeable cation. KEYWORDS" ganophyllite, eggletonite, cation exchange. 
alkali atoms, sites in which the alkalis are very weakly bonded.
The new mineral eggletonite was described by Peacor et al. (1984) as the Na analogue of ganophyllite, on the basis of chemistry and X-ray powder data. Although noting the close similarity between the observed powder patterns for eggletonite and the strong subcell reflections of ganophyllite, Peacor et aL were unable to detect superlattice reflections in eggletonite. Such reflections are known to occur in ganophyllite (Smith and Frondel, 1968; Jefferson, 1978) and produce a supercell with dimensions of a = 3ao, b = 2bo and c = 2Co. Kato (1980) suggested that the superlattice along X develops primarily from alkali cation ordering, whereas Eggleton and Guggenheim (1986) postulate that it is a consequence of the tetrahedral linkage across the interlayer.
Electron diffraction is an ideal technique to detect weak superlattice reflections from small crystals. Such a technique might be useful also to distinguish the cause of the superlattice. If the origin of the superlattice is related to tetrahedral linkage, then there should be little difference between the diffraction patterns of ganophyllite and eggletonite. In contrast, if the superlattice is developed by alkali order/disorder, then significant differences in the superlattices of ganophyllite and eggletonite would be expected.
The purpose of this paper is to further characterize eggletonite and to help establish the origin of the superlattice in ganophyllite. We describe electron diffraction data of both minerals and give results of cation exchange experiments on ganophyllite.
Experimental. Precession photographs of crystals of ganophyllite from Franklin, NJ (Harvard Museum No. 82837), confirmed its identity, its monoclinic subcell and its supercell dimension along X. Twinning prevented a more complete characterization. Eggletonite (Smithsonian No. 137143 ) from the type locality and Franklin ganophyllite were each prepared for viewing in a Jeol 100CX and a Jeol 200CX electron microscope by dispersing crushed grains on holey carbon grids.
Electron diffraction data were collected for the three axial zones and a number of other directions. The ganophyllite results compare well to the monoclinic data presented by Jefferson (1978) . Although eggletonite was acicular to prismatic before crushing, grains were similar to ganophyllite in morphology when viewed in the electron microscope. There was no detectable difference between the electron diffraction patterns of the two minerals (see fig. 1 ).
X-ray powder diffraction data were obtained using a 114.6 mm Debye-Scherrer camera, Fe-K:r radiation, and the line positions referred to a Si internal standard. Intensities were measured by photometer, and the pattern indexed by comparison with the subcell single-crystal ganophyllite intensities collected by Kato and kindly made available to us. Seventeen reflections in the range of 1.62 < d < 4.2A could be unambiguously indexed, and these were used to determine cell parameters by least-squares (Table I) . Based on these values, the eggletonite superlattice has cell parameters a = 16.647(3), b = 27.012(4), c = 50.06(2)A, fl = 94.02(3) ~ and the space group is Aa or A2/a. The Franklin ganophyllite was prepared for the cation exhange experiments by crushing to fragments of about 0.3 mm. Although such large fragments would be expected to exchange slowly and incompletely, the crystallographic direction of cation movement might be determined by X-ray or microprobe analysis. In the first set of experiments, grains were placed in a 0.1 N solution of CsCI and sampled after 1 day, 17 days, and 50 days. The solution was agitated constantly for the first 17 days. Retrieved grains were washed repeatedly with distilled water and acetone and then mounted and sectioned for chemical analysis. Fig. 2 shows a back-scattered electron map and two X-ray energy spectra, one from the grain centre and one from near the edge.
In a second set of exchange experiments, Franklin ganophyllite was placed in a 1N solution of NaC1 after preparing material in a manner similar to that described above. Grains were retrieved at one week intervals and the solution was agitated constantly. Electron microprobe analyses are given in Table II . Discussion. It is apparent from fig. 1 that the electron diffraction data for ganophyllite and eggletonite are very similar. Therefore, these data confirm that eggletonite is an Na-rich ganophyllite structure in accord with the suggestion of Peacor et al. (1984) . On the other hand, if the alkali elements are important contributors to the origin of the superlattice, it would be expected that the difference in atomic number between Na and K should affect the relative intensities of the superlattice reflections between these two minerals. Therefore, these data suggest that the alkali elements are not imperative for the development of the superstructure and raise additional doubts about the validity of the Kato (1980) subcell model for ganophyllite.
One alternative to this model is that the alkali elements reside in the tunnels between the layers in zeolite-like sites (Eggleton and Guggenheim, 1986) . If such weakly bonded sites exist, exchangeable cations would be expected to migrate parallel to X, the tunnel direction. The Cs distribution map of fig. 2 , which shows a partially exchanged grain, is in good agreement with the predicted direction of cation migration. In contrast, cations should not be readily exchangeable in the model proposed by Kato (1980) charge associated with the 0(5) oxygen(s) coordinating to the alkali site.
The sodium exchange experiments ( Table I ) clearly indicate that sodium exchange is rapid and nearly complete, even for large grains. The amount of sodium exchanged for potassium is consistent with a one-for-one replacement. The calcium content does not appear to be affected by the exchange reaction and this may be related to the differences in cation charge, size or hydration state. The charge associated with total alkali content may be related to aluminium content in ganophyllite, although this conclusion should be considered tentative without additional data.
